Aim: The role of feedback processing in decisionmaking has been assessed in psychiatric patients using the Iowa Gambling Task (IGT). Although impaired performance on the IGT has been documented extensively in schizophrenia patients, the neuropsychological mechanisms underlying the performance deficits have not yet been elucidated. Therefore, the aim of this study was to investigate the neuropsychological origins of impaired decisionmaking in schizophrenia patients using various versions of the IGT.
Aim: The role of feedback processing in decisionmaking has been assessed in psychiatric patients using the Iowa Gambling Task (IGT). Although impaired performance on the IGT has been documented extensively in schizophrenia patients, the neuropsychological mechanisms underlying the performance deficits have not yet been elucidated. Therefore, the aim of this study was to investigate the neuropsychological origins of impaired decisionmaking in schizophrenia patients using various versions of the IGT.
Methods: Thirty chronic schizophrenia patients and 33 healthy subjects underwent computerized versions of the IGT, the Variant Gambling Task (VGT), and the Shuffled Gambling Task (SGT) to assess the contributions of motivational balance and reversal learning on IGT performance. In addition, performance on the Wisconsin Card-Sorting Test (WCST) was assessed.
Results:
The schizophrenia patients exhibited deficits on the IGT and SGT, particularly in later trials. No significant group difference was detected on the VGT due to the improved performance of schizophrenia patients in the earlier trials. Performance on the gambling tasks in the schizophrenia group did not correlate with performance on the WCST or with the severity of clinical symptoms.
Conclusion: Deficits in motivational balance, but not reversal learning, play a dominant role in the impaired decision-making of patients with schizophrenia.
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T HE ROLE OF feedback processing, in terms of reward and punishment during decision-making, has been commonly assessed by the Iowa Gambling Task (IGT), which was initially developed to assess patients with prefrontal lesions. 1 The IGT has been subsequently used in neurology to assess the integrity of brain regions involved in learning, including the orbitofrontal cortex (OFC), anterior cingulate cortex (ACC), and amygdala, with positive or negative feedback. 1 Patients with OFC lesions are unable to make decisions on the IGT that maximize the total reward received. 1, 2 Functional imaging studies in healthy participants have suggested that the medial prefrontal cortex makes important contributions to performance on the IGT, particularly to the anticipation of risk. 3 Neural activity in the ventromedial prefrontal cortex during affective judgment has also been correlated with the performance on the IGT, 4 and the lateral OFC has been implicated in the representation of unstable stimulus-response associations during the IGT and related tasks. 5 Patients with chronic schizophrenia manifest hallucinations, delusions, thought disorder, and pervasive cognitive deficits. Several studies have obtained variable results in assessing the decision-making ability of patients with schizophrenia using the IGT. 6, 7 Some studies reported that schizophrenia patients exhibit poor IGT performance compared with healthy subjects, 8 whereas other studies reported no significant differences between patients and controls. 9 These discrepancies are likely attributable in part to the intrinsic heterogeneity of schizophrenia, variable patterns of comorbidity across the samples, the high variability in performance on the IGT and the low specificity of the IGT to characterize the diverse components of the decision-making processes.
The aim of this study was to use various gambling tasks to improve our understanding of the neuropsychological origins of impaired decision-making in patients with chronic schizophrenia. Multiple versions of gambling tasks have been developed to delineate and assess the processes involved in decision-making. Whereas the IGT assesses the ability to evaluate both immediate rewards and future punishments in decision-making, the Variant Gambling Task (VGT) assesses the capacity to examine immediate punishments and future rewards simultaneously in decision-making. 1 We compared performance measures of the IGT and VGT to determine if the impaired decision-making in persons with schizophrenia arises from insensitivity to both types of reinforcement or from a motivational imbalance, defined as biased responsiveness to reward or punishment.
We also investigated whether substandard performance on the IGT in persons with schizophrenia can be attributed to impairments in reversal learning. During the IGT, subjects should overcome an initial preference for decks that provide short-term rewards to maximize future rewards. We used the Shuffled Gambling Task (SGT) in the present study to directly examine the contribution of reversal learning on performance during the IGT. 2 Finally, we used the Wisconsin Card-Sorting Test (WCST) to assess whether impaired decision-making in persons with schizophrenia is associated with measures of executive functions. Prior studies have reported that the performance of schizophrenia patients on the IGT did not correlate significantly with performance on WCST, 10 suggesting that disturbances in executive functioning are unlikely to contribute to a poor performance on the IGT.
METHODS

Subjects
Thirty patients with chronic schizophrenia (19 male) and 33 healthy subjects (16 male) participated in this study. Schizophrenia patients were recruited from the Department of Psychiatry in Bugok National Hospital. The consensus diagnoses were established by two psychiatrists according to DSM-IV criteria. The Institutional Review Board (IRB) of Bugok National Hospital approved all experimental procedures for this study. The schizophrenia group consisted of chronic inpatients and outpatients who were functionally stable and without florid psychotic features at the time of testing. The schizophrenia patients were taking stable dosage of atypical antipsychotics, including risperidone, clozapine, olanzapine, quetiapine, ziprasidone, or aripiprazole. All but three patients were receiving adjuvant psychotropic medications (most frequently, benztropine or benzodiazepine). Patients with schizophrenia were excluded if they had a history of other neurological disorders, such as seizure, stroke, or head injury, or a substance abuse disorder other than caffeine or nicotine. The severity of positive and negative symptoms was evaluated using the Positive and Negative Syndrome Scale (PANSS).
The schizophrenia patients were taking stable dosage of atypical antipsychotics. The medication dosage of risperidone (400-600 mg), clozapine (150-300 mg), olanzapine (250-375 mg), quetiapine (750-1000 mg), ziprasidone (300-400 mg), and aripiprazole (375 mg) was quantified using chlorpromazine equivalents. All but three patients were receiving adjuvant psychotropic medications, most frequently benztropine (1-2 mg) or benzodiazepine (1-2 mg). 11 Healthy subjects were recruited as controls from the neighboring towns of Bugok National Hospital. They were selected such that they had a distribution of age, sex, education, and IQ similar to the patient group. Controls also underwent structured interviews to exclude histories of neurological disorders and substance abuse. Groups did not differ significantly in age, education, gender, or IQ ( Table 1 ). All participants provided written informed consent after receiving a detailed explanation of the experimental procedures.
Experimental procedures
All participants were tested in two separate sessions that were 8 weeks apart. In the first session, computerized versions of the IGT, VGT, and WCST were used. The order of testing was randomized. Assessment of clinical symptoms in the patients using the PANSS was performed on the same day of testing. To avoid learning effects in the IGT, only the SGT was used during the second session.
Iowa Gambling Task
The subjects were instructed that the goal of this game is to win as much money as possible. The task ended when the subject selected 100 cards, but the subject was not provided with withdrawn card count information. The subject was free to switch from one deck to another at any given time, as often as the subject wanted. This card game assesses the ability of subjects to evaluate both immediate gains and future losses. In decks A and B, selecting a card is followed by a $100 reward, and in decks C and D, followed by a $50 reward. Choice of a card, however, is randomly followed by a punishment in each of the four decks. Every set of 10 cards from deck A or B earns $1000 but costs $1250. Conversely, every set of 10 cards from deck C or D earns $500 but costs $250. Therefore, decks A and B are disadvantageous because of a net loss (-$250/10 cards), while decks C and D are advantageous because of a net gain (+$250/10 cards). A net score for the overall 100 cards and each block of 20 cards was obtained by subtracting the total number of disadvantageous decks from that of the advantageous decks
Variant Gambling Task
The task design of the VGT is similar to the IGT, but the difference is in the schedule of punishment and reward. This game examines the capacity of subjects to evaluate both immediate losses and future gains.
In decks E and G, selecting a card is followed by a $100 punishment. In decks F and H, selecting a card is followed by a $50 punishment. Choice of a card, however, is randomly followed by a reward in each of the four decks. Every set of 10 cards from deck E or G costs $1000 but earns $1250. In contrast, every set of 10 cards from deck F or H costs $500 but earns $250. Thus, decks E and G are advantageous because of a net gain (+$250/10 cards), while decks F and H are disadvantageous because of a net loss (-$250/10 cards). A net score is then obtained for the overall 100 cards and each block of 20 cards by subtracting the total number of disadvantageous decks from that of the advantageous decks [(E + G)-(F + H)].
Shuffled Gambling Task
The SGT was developed to test the role of reversal learning in IGT performance. 2 The design of the SGT 
Statistical analysis
To test the hypothesis that diagnostic groups would differ in performance across the three gambling tasks, independent-sample t-tests were performed on the net scores in each gambling task. Paired-sample t-tests assessing task differences within each group (without contrasts between the VGT and the SGT) were carried out as planned comparisons to isolate specific components of the impaired decisionmaking processes. We also conducted post-hoc t-tests for the net score in each block of 20 card selections to assess the temporal patterns of card selections, provided that the previous independent-samples and paired-samples t-tests reached statistical significance.
In the post-hoc t-tests, we used the Bonferroni correction to reduce the Type 1 error associated with multiple comparisons. A Spearman correlation coefficient was used to determine whether the net scores of the three gambling tasks were correlated with each other, with the performance on the WCST, or with the ratings of symptom severity within the schizophrenia group. All findings were considered statistically significant for P < 0.05 with (two-tailed).
All t-tests were performed after a Levene test for equality of variances, with a correction applied if needed. Effect sizes were estimated using Cohen's d or partial h. 2
RESULTS
The independent-sample t-tests showed that the net scores of the schizophrenia patients were significantly lower on the IGT and SGT, but not on the VGT, compared with healthy controls ( Table 2) . Pairedsample t-tests showed that patients performed significantly worse on the IGT than on the VGT (t(29) = -2.15, P = 0.04, Cohen's d = 0.483) and SGT (t(29) = -3.07, P = 0.005, Cohen's d = 0.547). The controls did not differ significantly in their net scores for the IGT and VGT, whereas their net scores were significantly lower for the IGT than the SGT (t(32) = -3.45, P = 0.002, Cohen's d = 0.496). The absence of group differences on the VGT, but not on the IGT, as well as the increased net scores of the patients from the IGT to the VGT indicates a motivational imbalance in the schizophrenia patients because the alteration implemented in the VGT was to invert the valence of feedbacks from the IGT.
To directly test directly whether the patients with schizophrenia have deficits on reversal learning compared with the control subjects, we first quantified the degree of improvement across two tasks by subtracting the SGT from the net score of the IGT in each subject. The change in performance in the patients, however, did not differ significantly from that of the controls (17.70 Ϯ 29.45 in controls and 13.73 Ϯ 24.51 in patients, mean Ϯ S.D; t(61) = 0.577, P = 0.566, Cohen's d = 0.148). The extent to which reversal learning contributes to performance on the IGT therefore seems to be comparable across groups.
To assess the temporal patterns of card selections in the two groups during the three gambling tasks, we conducted post-hoc, independent-sample t-tests across groups in each block of the IGT and SGT. There were significant group differences during the third block (t(61) = -3.29, P = 0.002, Cohen's d = -0.842), fourth block (t(57.51) = -3.87, P < 0.001, Cohen's d = -1.021), and fifth block (t(61) = -3.29, P = 0.002, Cohen's d = -0.842) on the IGT (Fig. 1a ) and during the fifth block (t(49.32) = -5.10, P < 0.001, Cohen's d = -1.452) on the SGT (Fig. 1c ). But we could not find any significant group differences during the VGT (Fig. 1b) .
Post-hoc, paired-sample t-tests in the control subjects indicated significant differences in net scores between the IGT and SGT on the first block (t(32) = -5.48, P < 0.001, Cohen's d = 1.240) and second block of trials (t(32) = -3.34, P = 0.002, Cohen's d = 0.631). Furthermore, net scores of the patients differed significantly between the IGT and VGT on the first block (t(29) = -3.97, P < 0.001, Cohen's d = 0.764) and between the IGT and SGT on the first block (t(29) = -4.28, P < 0.001, Cohen's d = 0.954) and second block (t(29) = -3.30, P = 0.003, Cohen's d = 0.653). These results indicate that the group differences in the net scores of the IGT and SGT primarily occurred during the later portions of the gambling tasks, whereas significant differences between gambling tasks in the net scores of each block of the each group originated from earlier trials of the designated tasks.
Groups differed significantly in performance on the WCST. Consistent with previous studies, the schizophrenia patients completed significantly fewer categories (P = 0.001) and made more errors than controls (P < 0.001 for total errors; P = 0.003 for preservative errors; Table 2 ). Performance on the IGT was correlated significantly with performance on the SGT in the patient group (r = 0.411, P = 0.024; Table 3 ). Net scores on the decision-making tasks did not correlate significantly with either WCST performance or PANSS scores in the patient group, indicating that deficits in decision-making likely did not originate from problems in executive functioning or as a by-product of illness severity. 
DISCUSSION
We assessed the performance on a variety of gambling tasks (IGT, VGT, and SGT) in patients with chronic schizophrenia to understand the origin of their impairments in decision-making. Whereas performance on the IGT and SGT in the patients with schizophrenia was worse than that of the controls, the groups did not differ in their performance on the VGT. These results indicate that the schizophrenia patients made decisions in a less profitable manner on both the IGT and SGT, although both groups exhibited relatively better performance on the SGT than on the IGT. Therefore, even though the patients still performed worse than the controls on the SGT, they likely performed better on the SGT than on the IGT because of the absence of demands for the reversal learning in the SGT. This indicates that the performance of both groups was affected by reversal learning. The performance differences between the IGT and SGT were derived primarily from the later trials of the tasks. With respect to task differences in each group, we found that reversal learning is responsible for the relatively better performance during the initial trials of the SGT in both healthy subjects and schizophrenia patients. Schizophrenia patients, however, did not exhibit deficits in reversal learning compared with controls when measured by the improved performance between the IGT and SGT. The increased performance in the patient group on the VGT relative to the IGT was particularly pronounced in the first block, while the differential performance between the IGT and VGT is absent in healthy subjects. In summary, schizophrenia patients displayed a preference for decks that yielded high immediate gains despite greater delayed losses on the IGT and SGT, leading to fewer gains overall. In addition, the patients also opted more for decks that yielded high immediate losses but larger delayed gains on the VGT. These results suggest that the distorted sensitivity to positive or negative feedback, rather than deficits in reversal learning, primarily contributes to impaired performance on the IGT in schizophrenia patients. 12 Recently, it was shown that patients with schizophrenia exhibit intact implicit sensitivity to reward and reduced weighting to punishments during evaluation of probabilistic gambles. 13 In addition, the absence of the endowment effect, that is, asymmetry between 'willingness to pay' and 'willingness to accept' in a non-risky situation, was recently reported in schizophrenia. 14 Elevated performance of patients from the IGT to the VGT might illustrate contribution of the impaired punishment processing in schizophrenia. Similar performances in the VGT, but not in the IGT, between the two groups are in line with the hypothesis that biased sensitivity to punishments is mainly implicated in the motivation imbalance in schizophrenia.
Another potential source of bias in the motivational balance in patients with schizophrenia could be abnormal risk perception. 13, 15, 16 In addition to ver-idical estimation of the expected (or average) value, an accurate appraisal of its risk (the statistical variance of trial-by-trial outcomes) is indispensable, particularly under uncertain situations or in a dynamic environment. 17 In such a volatile setting, optimal control of the learning rate must reflect the amount of risk associated with each alternative to update its value based on experience feedback in the framework of reinforcement learning models. 18, 19 Hence, deficits in risk assessment may lead to compromised acrossblock learning in schizophrenia patients that is distinct from the steep learning curve of healthy subjects (Fig. 1 ). In line with this hypothesis, the decisionmaking patterns of the patients during all of the gambling tasks suggested an enhanced risk-taking behavior. In the IGT, the advantageous decks (C, D) are favorable not only in terms of the larger mean or expected value (+$250 per 10 cards) but also in the sense of a smaller risk (C < D < A < B in terms of increasing risk). In the VGT, however, the advantageous decks (E, G) with larger expected values exhibit higher risk than the disadvantageous decks (F, H) because the reversal of valence, such as changing deck B of the IGT into deck E of the VGT, does not affect the risk itself (F < H < G < E in terms of increasing risk). 20 Thus, schizophrenia patients might consistently select decks with more risk, regardless of the expected value, such as decks A and B in the IGT and decks E and G in the VGT. But this is not consistent with the normal performance observed in schizophrenia patients on the Game of Dice Task (GDT), which also involves risk-sensitive decision-making, suggesting that their perception of risk is relatively intact. 8, 13 Unlike the GDT and other explicit decisionmaking tasks that lack ambiguity, the assessment of risk has to be accomplished implicitly by learning from experiences in the gambling task. 21 Therefore, the hypothesis that decisions made by patients with schizophrenia are affected by the erroneously per- ceived risk should be investigated further to clarify the aforementioned source of motivational imbalance in the patients: the lack of risk aversion and/or loss aversion. 13, 14 We expected that schizophrenia patients in the present study would exhibit a smaller amount of improvement in performance on the SGT over the IGT compared with the control subjects because our previous work demonstrated impairments in reversal learning in persons with schizophrenia. 8 We found, however, that the degree to which the performance on the SGT is enhanced compared to that on the IGT is not significantly different between the two groups. This result implies that problems with reversal learning play at most an ancillary role in impairing the performance of the IGT in schizophrenia. This conclusion was supported by our previous finding that performance on the Simple Reversal Learning Task did not correlate significantly with performance on the IGT. 8 Furthermore, the significant correlation between performances on the IGT and SGT in the patient group suggests that processes other than reversal learning cause impaired decision-making on the IGT of schizophrenia patients.
The neurobiological underpinnings of motivational imbalance are likely to involve systems that regulate enforcement learning and goal-directed behaviors, including the midbrain dopaminergic system and its projections. 22 The modest independence of reversal learning and performance on the IGT suggests that the OFC is unlikely to contribute to impaired decision-making in the present patients with schizophrenia. Moreover, the previous findings that OFC patients exhibit total insensitivity to future consequences support this suggestion. 23 The precise mechanisms by which the hypothesized abnormality in dopaminergic neurotransmission would distort motivation requires further study.
Finally, we must acknowledge several limitations of this study and future prospective studies. First, medications may have positively or adversely affected the decision-making capacity in the participants with schizophrenia. 24 The effects of antipsychotic medications on decision-making are relatively unknown and warrant investigation in future studies. 25 Second, the influence that impaired decision-making has on the symptoms of psychosis, cognitive impairment, poor motivation, and diminished emotional expression is unknown and requires more study to understand the functional relevance of motivational imbalance in persons with schizophrenia. Finally, identification of the neurobiological origins of impaired decisionmaking will require more detailed studies using functional neuroimaging methods and a carefully devised behavioral parsing of the information processing pathways that contribute to decision-making. 2 
